Objective: Type D personality has been associated with increased risk of depression, vital exhaustion, social alienation, a higher number of reinfarctions, and higher mortality rates in patients with established coronary artery disease (CAD) independent of traditional biomedical risk factors. The construct was developed in Belgian cardiac patients, but little is known about its applicability in other nationalities. The objectives of the present article were to cross-validate the Type D Personality Scale-16 (DS16) in a Danish sample of patients with a first myocardial infarction and a random sample of healthy controls, and to investigate whether Type D is associated with posttraumatic stress disorder (PTSD). Methods: A questionnaire was given to 112 consecutive patients with a first myocardial infarction 4 to 6 weeks post infarction, and to 115 healthy controls selected randomly from the general population. Results: The two-factor structure of the DS16 and the internal consistency of the Negative Affectivity (a = .83) and Social Inhibition (a = .76) subscales were confirmed. The construct validity of the DS16 was confirmed against scales that measure similar constructs, and the discriminant validity of the DS16 against measures of psychopathology. In a pooled sample of patients and healthy controls, comparison of both groups confirmed that Type D may be conceptualised as a marker of general emotional distress, with Type D persons scoring higher on depression, anxiety, and the PTSD symptom clusters arousal and avoidance compared with non-Type D persons. A regression analysis run in two steps showed that the inclusion of Type D in the model lead to an improvement in the level of prediction of PTSD above and beyond a model that included gender, age, MI, neuroticism, and extroversion. Type D (OR= 4.46; 95% CI: 1.36 to 14.64), diagnosis of MI (OR = 4.03; 95% CI: 1.43 to 11.35), and neuroticism (OR=1.32; 95% CI: 1.13 to 1.53) were independently associated with PTSD, adjusting for all other variables. Conclusion: These findings indicate that the Type D construct is equally applicable in Danish patients with CAD, and that Type D is associated with PTSD.
Introduction
Studies have shown that approximately 20% of cardiac patients suffer from psychological sequelae following a cardiac event, including poor perceived health, anxiety, depression, and posttraumatic stress disorder (PTSD) [1 -5] . In turn, these sequelae have been shown to have negative prognostic impact independent of disease severity [3, 6, 7] . However, the role of individual differences in risk has to a great extent been overlooked, in particular since the controversy surrounding the TYPE A BEHAVIOUR PAT-TERN emerged [8, 9] . Personality traits may be able to explain individual differences in distress, morbidity, and mortality in cardiac patients. Personality traits or the interaction of traits may also exert a more stable influence on outcome in cardiac patients than other individual difference variables, e.g., gender, routinely included in cardiovascular research [10, 11] . In addition, traits may impede the development of social contacts and, hence, the availability of social support [12, 13] . Lack of social support has been related to increased morbidity and mortality [14, 6] , and increased cardiac symptoms [15, 16] .
With the introduction of ''the distressed personality'' (Type D) and the development of the Type D Personality Scale-16 (DS16) to measure this construct, focus is again being directed at the role of individual differences in coronary artery disease (CAD) [17] . The Type D construct was delineated according to existing personality theory and the notion that the interaction of specific traits may have 0022 deleterious effects on health [18, 19] . Type D is defined as the interaction of negative affectivity (the tendency to experience negative emotions) and social inhibition (the tendency to inhibit the expression of these emotions in social interaction) [17, 20] . The inhibition of expression of emotions is conscious in order to avoid the disapproval of others. Social inhibition is a moderator, such that prevalence of cardiac events for individuals high in negative affectivity but low in social inhibition is less than for individuals high in both components [17, 21] .
It is important to note that Type D is an attempt to emphasise the role of normal personality characteristics in CAD rather than psychopathology [17] . Therefore, the prevalence of Type D is expected to be similar in healthy individuals and in individuals with established CAD. Furthermore, Type D is not considered an etiological risk factor for CAD, but a prognostic factor in patients with confirmed CAD. Type D has been associated with increased risk of depression, social alienation, a higher number of reinfarctions, and higher mortality rates independent of established biomedical risk factors [18 -21] . Type D also seems to moderate the effects of medical treatment [20] . A recent Dutch study found that Type D patients were at a six-fold risk (OR = 6.35; 95% CI: 3.01-9.69) of suffering from vital exhaustion at baseline, and at more than a four-fold risk (OR = 4.74; 95% CI: 0.73-8.75) of suffering from vital exhaustion following percutaneous coronary intervention or pharmacological treatment compared with non-Type D patients [11] . In other words, despite appropriate medical treatment patients with the Type D personality remained at an increased risk of vital exhaustion, which is a risk factor for recurrent cardiac events in angioplasty patients [22] . Little is known, however, about the applicability of the Type D construct in other nationalities.
No studies have looked at the relationship between PTSD and Type D, and whether Type D may be a marker of PTSD. PTSD is characterised by the presence of intrusive symptoms occurring against symptoms of avoidance and hyperarousal. Symptoms have to be present for at least 1 month and lead to impairment in functioning [23] . The gateway to a diagnosis of PTSD is the stressor criterion, i.e., a life-threatening event, including fear and helplessness at the time of the event. As indicated in a recent review, evidence suggests that survivors of MI with PTSD may be at increased risk of recurrent cardiac events [24] . Although no study to date has focused explicitly on the long-term consequences of PTSD in survivors of MI, a recent study found that PTSD was associated with nonadherence to medication and adverse medical outcome [25] . Since Type D has been related to depression and vital exhaustion, it is conceivable that Type D is also a marker of PTSD.
The objective of the present study was two-fold: (1) to cross-validate the DS16 in a population of Danish consecutive patients with a first MI and a random sample of healthy controls and (2) to test the hypothesis that Type D is a marker of PTSD.
Method

Sample
Consecutive patients with a first MI were recruited from August 1999 to January 2001 from Aarhus University Hospital and Horsens Hospital, Denmark. Patients were assessed 4 to 6 weeks post-MI. A diagnosis of MI was based on increased levels of troponin T ( > 0.10 Ag/l) and ECG changes, according to the most recent guidelines [26] . Patients were excluded if they suffered from other lifethreatening diseases and cognitive impairments, had a history of psychiatric disorders, or were unable to understand and read Danish. One hundred and sixty-four patients were screened for inclusion in the study. Three patients were excluded due to previous psychiatric history and other lifethreatening diseases, and 12 patients were not approached due to personnel error. Of the remaining 149 patients, 37 (25%) refused to participate. The patient sample thus consisted of 112 patients. No statistically significant differences were found between patient responders and nonresponders on gender, age, left ventricular function (assessed by means of echocardiography), and symptoms of angina pectoris (results not shown).
We also included 115 healthy controls drawn from a national register 1 . Controls were excluded if they suffered from CAD or other life-threatening diseases and cognitive impairments, had a history of psychiatric disorders, or were unable to understand and read Danish. Ethical approval was obtained from the ethical committees in Aarhus and Vejle Municipalities, and the study was carried out in accordance with the Helsinki Declaration.
Measures
Personality Type D was assessed with the 16-item DS16, which was developed in Belgian cardiac patients [17] . The scale measures negative affectivity (the tendency to experience negative emotions) and social inhibition (the tendency to inhibit self-expression in social interaction). Each item is rated according to a 5-point Likert scale from 0 (false) to 4 (true). Patients who score high on both negative affectivity and social inhibition, as determined by a median split, are classified as Type D. The psychometric qualities and prognostic power of the scale have proven satisfactory in Belgian cardiac patients with Cronbach's alpha of .89 and .82 and test -retest reliability of .78 and .87 for the Negative Affectivity and Social Inhibition subscales, respectively [17, 20] .
Neuroticism and extroversion were assessed with the 24-item short version of the Eysenck Personality Questionnaire 1 The national register contains the names and addresses of all residents and citizens of Denmark. At the time of birth or immigration, every citizen/ resident is given a personal ID number that consists of the birth date and a four-digit number. The last digit of the four-digit number reveals the gender of the person.
(EPQ) [27, 28] . The Neuroticism and Extroversion subscales of the EPQ were included in the current study in order to examine the construct validity of the DS16 against these scales, since they measure theoretically similar constructs. Each of the subscales contains 12 items with the response categories 1 (yes) and 0 (no). The total score for each of the subscales ranges from 0 to 12 with a high score indicating more of the personality trait. The validity and reliability of the two subscales have proven satisfactory with alpha coefficients ranging from .81 to .87 for the Neuroticism subscale and from .72 to .85 for the Extroversion subscale [28] .
We included the ANXIETY AND DEPRESSION subscales of the Trauma Symptom Checklist (TSC-33) to examine the discriminant validity of the DS16 against scales of psychopathology [29] . The TSC subscales contain nine items, respectively, which are answered on a 4-point Likert scale from 0 (never) to 3 (very often), yielding a score range of 0 -27. The psychometric properties of the subscales are adequate with Cronbach's a = .72 for the Anxiety and Depression subscales, respectively [29] .
The Posttraumatic Diagnostic Scale (PDS) was included to determine whether Type D is a marker of PTSD [30, 31] . The PDS assesses PTSD according to DSM-IV [23] . The scale has been validated against the Structured Clinical Interview for DSM-IV and has good sensitivity and specificity [31] . The scale yields three scores for each of the symptom clusters intrusion (5 items), avoidance (7 items), and arousal (5 items), a total symptom score, and a diagnosis of PTSD. The 17 symptom cluster items are measured on a 4-point Likert scale from 0 (not at all or only one time) to 3 (5 or more times a week/almost always) (score range 0 -51). Patients were asked to fill in the questionnaire with reference to their MI as the traumatic event in order to control for the potentially confounding effect of prior traumatisation. Healthy controls were asked to fill in the questionnaire in a standard fashion, i.e., relating symptoms to the traumatic event that bothered them the most of a list of possible events. The validity and reliability of the scale is acceptable with Cronbach's alpha of .92 and test -retest reliability of .83 for the 17 items.
Statistical analyses
Prior to statistical analyses, one control was excluded due to too many missing values on the Type D personality scale. The chi-square test (Fisher's exact test when appropriate) was used to examine between group differences on categorical variables. Analysis of variance for multiple dependent variables was employed for multiple comparisons between groups on continuous variables in order to avoid capitalisation on chance by performing multiple t tests. All tests used were two-tailed. Principal components analysis (varimax rotation) was used to examine the factor structure of the Danish DS16 scale. A scree plot was used to determine principal components to retain. Cronbach's alpha was calculated to determine the internal consistency of the subscales. Pearson's correlations were used to examine the construct validity of the Type D Scale against the theoretically similar Neuroticism and Extroversion subscales of the EPQ, and to investigate the discriminant validity of the Type D Scale against measures of depression, anxiety, and the symptom clusters of PTSD. Logistic regression analysis was performed to determine whether Type D was associated with PTSD adjusting for other variables. The regression analysis was run in two steps, including gender, age, MI, neuroticism, and extroversion in the first step. Type D was introduced in the second step to investigate whether the construct confers any additional value to the prediction of PTSD above and beyond the variables included in the first step. All analyses were performed using SPPS 10.1.
Results
Baseline characteristics
Baseline characteristics of patients and controls are presented in Table 1 .
Prevalence of Type D personality
Before pooling patients and controls, we examined between-group differences on the DS16 items. We found no statistically significant differences between patients and controls on any of the items ( P > .05).
In the pooled sample of patients and controls, 55/226 (24%) [27/112 (24%) patients and 28/114 (25%) controls] were categorised as Type D according to a median split on External and structural validity and internal consistency of the DS16
As shown in Table 2 , all of the negative affectivity items differentiated between persons with the Type D and the nonType D typologies at P < .001. Seven of the social inhibition items differentiated between Type D and non-Type D at P < .001, whereas one item (Item 4) did not distinguish between the two typologies ( P = .066). Type D persons scored higher on all items, including Item 4, compared with non-Type D persons. The principal components analysis confirmed the two-factor structure of the DS16, although Item 4 loaded with only .27 on social inhibition. The internal consistency was confirmed for the subscales Negative Affectivity (a = .83) and Social Inhibition (a = .76). The Danish version of the DS16 is presented in the Appendix A.
Construct validity
The Type D subscales were closely related to scales measuring theoretically similar personality constructs (Table 3) . There was a positive relationship between Negative Affectivity of the DS16 and the Neuroticism scale of the EPQ (r = .57) sharing 32% of the variance. There was a negative relationship between Social Inhibition of the DS16 and the Extroversion scale of the EPQ (r = À.52) with a shared variance of 27%. Hence, both negative affectivity/neuroticism and social inhibition/introversion are related but distinct personality constructs. Accordingly, Type D persons scored higher on neuroticism (mean = 5.4 F 2.9) than their non-Type D counterparts (mean = 3.2 F 2.9), P < .001. Likewise, Type D persons scored lower on extroversion (mean = 5.2 F 1.8) than their non-Type D counterparts (mean = 7.6 F 2.2), P < .001.
Discriminant validity
When examining the discriminant validity of the Type D subscales against measures of psychopathology, we found that negative affectivity correlated positively with all measures, including depression, anxiety and the three symptom clusters of PTSD (i.e., intrusion, avoidance, and arousal) ( Table 3 ). The shared variance ranged from 6% to 26%.
We also found a positive correlation between social inhibition and all measures of psychopathology, although the shared variance was less, ranging from 1% to 3%. These results indicate that although there is an overlap, the Type D subscales are distinct from measures of psychopathology.
Type D persons scored higher on depression, anxiety, arousal, and avoidance compared with non-Type D persons (Fig. 1) . No statistically significant differences were found on intrusion, but a post-hoc power analysis indicated that this was due to reduced power.
Relationship between Type D personality and a diagnosis of PTSD Seventeen (31%) of 55 Type D persons qualified for a diagnosis of PTSD compared with 17 (10%) of 171 nonType D persons, v 2 (1, N = 226) = 14,315, P < .001 (Fig. 2) . Multivariate analysis showed that inclusion of Type D in the regression model increased the level of prediction of PTSD indicated by an improvement in the chi-square statistics from 34.2 (df = 5; P < .0001) to 40.3 (df = 6; P < .0001). Type D ( P = .014) diagnosis of MI ( P = .008) and neuroticism ( P <.001) were independently associated with PTSD, adjusting for gender, age, and extroversion (Table 4) . Type D was associated with more than a fourfold risk of PTSD (OR = 4.46; 95% CI: 1.36 -14.64). Diagnosis of MI was similarly associated with a four-fold risk of PTSD (OR = 4.03; 95% CI: 1.43-11.35), whereas neuroticism was associated with a slightly increased risk of PTSD (OR = 1.32; 95% CI: 1.13 -1.53).
Discussion
The present findings confirm the validity of the Type D construct in a Danish sample of consecutive patients with a first MI and a random sample of healthy controls. The twofactor structure and the internal consistency of the DS16 were replicated in this culturally distinct population. In addition, all items on the Negative Affectivity subscale and seven of eight items on the Social Inhibition subscale were able to discriminate between Type D and non-Type D persons. Thus, there was a consistent pattern indicating that Type D persons scored higher on all items of the DS16 compared with non-Type D persons. The construct validity of the DS16 was also confirmed against the Neuroticism and Extroversion subscales of the EPQ. In addition, the discriminant validity of the DS16 was confirmed against measures of psychopathology. We also found that Type D persons were at more than a fourfold risk of qualifying for a diagnosis of PTSD compared with non-Type D adjusting for other factors, and that the inclusion of Type D in the regression model increased the level of prediction of PTSD compared with the predictive value of a model including gender, age, MI, neuroticism, and extroversion.
There is evidence to suggest that patients following MI are at increased risk of PTSD [2, 24] . PTSD has also been related to a four-fold risk of suffering an MI, independent of smoking, body mass index, and alcohol use [32] . In other words, patients with PTSD following MI may be at risk of recurrent cardiac events. Although no longitudinal studies have investigated the consequences of PTSD in survivors of MI, a recent study found that PTSD was related to nonadherence with medication and poor medical outcome [25] . It is noteworthy that in the current study Type D was associated with more than a four-fold risk of a diagnosis of PTSD adjusting for other variables including MI, whereas the risk associated with the single trait neuroticism was significantly lower. In other words, Type D, i.e., the combination of traits, shows a stronger association with PTSD than the single trait neuroticism.
Personality factors have received little attention in cardiovascular research, since the controversy surrounding the TYPE A BEHAVIOUR PATTERN [8, 9] and studies showing that neuroticism (negative affectivity) is not related to objectively impaired health [33 -35] . Although neuroticism may not be an etiological factor in CAD, it may play a role in outcome once disease is manifest. Neuroticism has been shown to be associated with the presence of ischemic heart disease [36] . A recent study also showed that neuroticism was an independent predictor of mortality at 2 years' follow-up in 119 patients with heart failure after controlling for disease severity [37] . Neuroticism may also interact with other personality traits affecting prognosis adversely. As noted earlier, studies on the Type D personality construct indicate that the interaction between negative affectivity (which is closely related to neuroticism) and social inhibition is associated with increased risk of depressive symptoms, a higher number of reinfarctions, and higher mortality rates [20, 21] . Furthermore, Type D seems to moderate the effects of medical treatment, such that Type D impedes the full benefits of treatment [11, 20] . Type D has also recently been associated with increased scores on vital exhaustion [11] , and the current study found an association between Type D and PTSD. In other words, there is increasing evidence that Type D is associated with several types of distress, and that this personality type may impact on psychosocial adjustment following an acute MI.
The findings of studies on Type D research indicate that it may be premature to conclude that broad and stable personality traits, such as negative affectivity or social inhibition, have no impact on outcome in patients with established CAD. If anything, Type D research indicates that negative affectivity or neuroticism, in particular in conjunction with other traits such as inhibition, may be detrimental to the mental and physical health of cardiac patients, which was also corroborated in the current study.
Nevertheless, the results of the current study should be interpreted with some caution. The cross-sectional design of the study does not allow for determination of cause and effect. Previous traumatisation was not controlled for in the healthy control group, which is a known risk factor for the development of PTSD following subsequent traumas. In addition, the results are based on a relatively small sample size. Therefore, the results should be replicated in a prospective design with a larger sample.
In conclusion, the validity of the Type D construct was confirmed in a Danish sample of patients with a first MI and a random sample of healthy controls. Type D was associated with more than a four-fold risk of a diagnosis of PTSD adjusting for gender, age, MI, neuroticism, and extroversion. Type D was more strongly associated with PTSD than single personality traits. The DS16 is a brief, valid, and practical instrument that does not overburden cardiac patients. It may be used in clinical practice to determine which cardiac patients are at increased risk of morbidity and mortality. Due to the brevity of the instrument, it is also a practical research tool that can easily be included together with other measures. Future research is now required to determine which interventions are appropriate to decrease the impact of Type D on morbidity and mortality. Although personality traits are generally perceived of as stable and, therefore, as unchangeable, it is certainly possible to reduce the levels of psychological distress experienced by Type D persons [10] . In turn, such interventions have proven successful in reducing morbidity and mortality in cardiac patients.
